Conservation planning is a complex process involving a wide range of agents such as architects, engineers, conservators and archaeologists. Their integrated inputs contribute to the definition of criteria for the conservation project and the conservation strategy. In this process, graphical documentation is a common denominator to all involved areas-of-expertise. It provides the basis for the dialog between agents coming from different fields of knowledge that often don't speak the same technical language nor share the same codes. The way this dialog can be improved through documentation is the main motivation of our study. In this paper we analyze the requirements of digital documentation in Cultural Heritage (CH) conservation strategies, and we tackle the fundamental role of photogrammetry and terrestrial laser scanning (TLS), and integrated implementation throughout the several steps, from the fieldwork to the conservation planning for CH sites. The described process is demonstrated through the case study of 'the conservation project of the historic walls of Lagos', in south Portugal. After introduction and related work, the study is structured in four main sections. In the second section, we present the case study and conduct an analysis of existing data and preliminary synthesis of heritage values related to the historic walls of Lagos. Second section corresponds to an overview of the project workflow. This spans from recording and documentation, considering geometry, colour, light, materials and degradation forms; to their analysis and diagnosis, resulting in criteria and guidelines for the intervention actions. Third section emphasises on how the simultaneous use of photogrammetry and TLS in the documentation process, and its relationship with other methods and techniques, introduces a distinctive character in the conservation project. Fourth section is about the documentation process with photogrammetry and TLS. Finally, fifth section focus in the analysis and architectural project.
INTRODUCTION AND RELATED WORK
In Conservation and Restoration of CH sites, graphical documentation is an essential mean to record and understand current physical state of assets, to plan the conservation project's decisions, to document the works done and to disseminate the results. For these purposes, photogrammetry and TLS are becoming recognized and accepted standard methods. These technologies provide a never-before reached accuracy and completeness of data, they can overcome difficult geometric configurations allowing an almost continuous description of the site features, they dramatically reduce time and costs. They facilitate the production of 3D realistic models although sometimes plans, sections and elevations are considered enough (Alshawabkeh et al., 2011) (Remondino et al., 2010) . At the same time, these tools are increasingly becoming accessible to non-expert users, specially in the field of Architecture, Archaeology and Natural Sciences.
The integration of photogrammetry requirements and computer graphics solutions have burst the number of user friendly and cost-effective software , reinforcing the democratization of these techniques especially to conservation professionals (Peña-Villasenín et al., 2017) (Remondino et al., 2010) (Remondino et al., 2014) . This bridged the traditional gap between geospatial data providers and users as it can help to bring the former to the initial stages of the documentation process. This is a cornerstone in our understanding of the role of documentation in Heritage conservation. The use of CH documentation cannot be limited to a mere production of maps, but as a source of information and feedback along the entire conservation and restoration process.
In CH sites, where it is common to find complex geometries with many different configurations, the combination of the adequate methods maximizes the chances to achieve the desired results. TLS and photogrammetry must be understood as complementary methods rather than competitors. On the one hand, TLS is an efficient method to create a geometrically robust base for 3D modelling. However, its main limitation is to be earth-bound. For example, high elements of façades or inaccessible roofs tend to be poorly documented from ground stations. On the other hand, photogrammetry is more flexible. It is easy to mount a camera on a mast or in a drone to record the hard-to-reach areas.
Traditionally conservation agents (architects, conservators) rely mostly on 2D documentation to conduct conservation projects (El-Hakim et al., 2007) . In this research we demonstrate that whilst this is still true, the potential of 3D data is recognized because it allows a the 2D documentation on demand, it allows to clarify features of the site through the models inspection, and to works as a node for the dialog between the conservation professionals
HISTORIC WALLS OF LAGOS -EXISTING DATA AND HERITAGE VALUES
Nowadays, the historic walls of Lagos consist of several layers from different periods merged with existing buildings. In some parts along its 3Km perimeter, the walls no longer exist or are embedded within the buildings. The conservation project here discussed is limited to approximately 1.2Km of the XVIth century bulwark ( fig. 1 ). This portion is composed by seven bastions connected by masonry walls. The plan of the modern walls is attributed to the architect Manuel Arruda in the mid XVIth century. The historic walls are listed as national monument since 1924. During the sixties of last century, the former "Direcção Geral dos Edifícios e Monumentos Nacionais" conducted works that originated shaped the current configuration of the medieval walls (Pereira, 2017) . The seven bastions are (from left to right in figure 1): i) "Baluarte da Porta da Vila", ii) "Baluarte do Coronheiro", iii) "Baluarte da Gafaria", iv) "Baluarte das Freiras", v) "Baluarte da Porta dos Quartos", vi) "Baluarte do Paiol", and vii) "Baluarte do Jogo da Bola". We endorse the idea that the path for the conservation project starts to be paved in the early stage of the process where existing data and knowledge is processed. Following this principle, we gathered, analysed and synthesized existing information from two mains sources: i) the SIPA (Architectural Heritage Information System) database (http://www.monumentos.gov.pt), and ii) the Portuguese Army's Historical Archive, where historic cartography, imagery, and written documents are available. We also consulted several academic studies of the historical Walls coming from several disciplines: History, Archaeology, Architecture and Art. Data synthesis defined the main values to be considered in conservation strategy: i) layers of military history because these were the first modern fortified walls in Portugal, highly characterized by the pyroballistic paradigm, which implied the creation of large platforms where all the artillery fire power was settled, and ii) the presence in the landscape as an urban structural element. These platforms were extended with high walls, allowing firing parallel to the curtain walls protecting them from enemy. Each of the platforms corresponds to a bulwark. The bulwarks are connected with walls without patrol-paths other defensive devices. The outline of the walls also conditioned the urban sprawl of the city that can be seen in the configuration of some of the streets (Pereira, 2017) .
THE INTERVENTION PLANNING WORKFLOW -FROM DOCUMENTATION TO THE PROJECT PRINCIPLES
After the first step, it became clear that the existing data and knowledge were not enough to ground the basis for the conservation project. Old cartography was outdated and incomplete, and it was noticed that different elements were not congruent. Moreover, there was lack of information such as textures and colours, relevant for the conservation strategy. Therefore, it was decided to conduct a three-dimensional survey of the walls and bastions. This 3D survey, being itself a new document, was used as: i) a support for the representation of the new 2D documentation such as plans, sections and elevations, ii) a helpful tool to support analyses of various types, such as inspection of materials and state of conservation, and iii) the basis for new design interventions, aiming at making the site accessible to all the community, protecting and enhancing the historical values.
The strategy to tackle the survey started with the subdivision of the wall in seven sections determined by the bastions. One bastion and the contiguous walls composed each section. For each of these we developed plans, sections, elevations and orthoimages from the 3D models produced. Both 3D models and subsequent outputs were shared with all team members to develop transversal/multidisciplinary analysis on colours, materials, state of conservation, as well as spatial and organizational analysis concerning the architectural and urban characteristics of the site. The conducted cross analysis reinforced the sense of persistence in the urban landscape throughout time. Another significant conclusion was the authenticity marked by an original materiality, which is still present in many areas. These, together with the historical value, were defined as key factors for the conservation project. Based on these findings, the criteria for the conservation project were: i) to keep the original materiality as much as possible with especial attention to the military layers, ii) to make accessible relevant areas, which cannot be visited today, and in this way engaging people and heritage, and iii) restore an idea of architectural unit enabling an awareness and deeper understanding of the architectural and landscape values present on this site.
PHOTOGRAMMETRY AND LASER SCANNING AS COMPLIMENTARY SURVEYING TOOLS
In this section we discuss the role that photogrammetry and laser scanning played in this process. Two field campaigns on site where planned to collect all relevant data. These took place on May and October,2018. Some unexpected difficulties were experienced during the fieldwork:  Rough terrain with significant slopes near parts of the wall,  Profuse vegetation interrupting direct vision to the site,

Engineering work in nearby areas changing the configuration of the terrain between one first and second campaign,  Large amount cars parked nearby the walls.  Private properties adjacent to the significant portions of walls, making impossible to access them from the ground  Seagulls in nesting periods during the first campaign, turning the birds extremely aggressive against the drone and operators. It was only possible to conduct the aerial captures in the second campaign. The survey was done using three complementary methods operating simultaneously: GPS positioning, TLS survey and photogrammetry capture. For control data it was used GPS positioning ( fig. 2) .
Figure 2. GPS control points surveyed in "Baluarte das Freiras"
Reference points were set on natural features of the site that could be easily identified in laser scanning point clouds and in photographs. It was collected a total of 57 GPS points.
A TLS survey was done in the accessible areas from ground stations ( fig. 3 ) which had public access. It was used the Faro Focus 3D S120 phase-based scanner. For the registration of the point clouds, it was considered a 'cloud to cloud' strategy implemented in Scene software. In areas with large incidence of vegetation, the target-based registration was the way to ensure good results. Scanning was done without colour capture to reduce the fieldwork time and with the guarantee of registering a solid RGB info from the photogrammetric survey. According to the walls' morphology and considering the topographic conditions of the site, it was decided to organize the TLS survey in six clusters. Only the bastions of "Gafaria"
and "Freiras" were merged in the same cluster. It was collected a total of 182 scans. Table 1 summarizes the TLS stations and GPS point surveyed per cluster. The combination of GPS and laser scanning provided geometrically accurate models in a global coordinate system. However, in terms of geometry and radiometry information, the models were incomplete. To record colour information and to fill the geometric gaps in the TLS survey, it was conducted a photogrammetric campaign using both terrestrial and dronebased images. As previously described, the inner side of the wall has difficult access because current constructions are contiguous, and the access is private. Therefore, the use of drone becomes essential to gather images of those inaccessible areas. In order to fill the void areas in the laser scanning models and gather a comprehensive colour information, two types of photogrammetric models were generated: i) global lowresolution models covering the whole area of study with GSD 20mm (fig. 4) , and ii) partial high-resolution models targeting single units with GSD 5mm (fig. 5 ). The low-resolution quickly-produced models, was intended to serve as basis features and proportions understanding, and for planning data extraction for the analysis to be performed using the other models. Its ability to be accessible and manageable online (we used the online repository Sketchfab), also allowed a continuous input from the several actors involved in the project. The high-resolution models proved to be powerful means of inquiry about the built environment. They were considered not just an intermediate step to allow the production of drawings or images but a source of information themselves that is not possible to depict in traditional 2D data.
ANALYSIS AND PROJECT
For each bulwark it was produced a top view, together with front views of all the vertical surfaces. Developed models where used to produce a representative family of 2D products (plan, sections, and elevations). Production process was automatized to develop one true-ortho image from top view, and true-orthos from each vertical plane (two in the case of wall segment, and from six-eight om the case of bulwarks). Whenever there existed TLS and photogrammetry data, both sources were used to generate the images. Otherwise, only photogrammetry was used. These 2D pixel-based documents were manually vectorized, constituting the based to produce CAD drawings. Figures 6 and 7 exemplify the result of that process for "Baluarte da Porta dos Quartos". These documents were the basis to understand the current state of the site in terms of degradation ( fig. 8 ), constructive techniques, materials, accessibilities, colours, and architectural and urban structure. Alongside with the visits to the site, the photographic database (used for photogrammetry), also complemented input data to accurately characterize the materials and constructive techniques. Especially aerial images were a key resource to show inaccessible areas, and to plan ground campaigns.
About the above-mentioned action packages, TLS and photogrammetric data played a key role in the last three, which correspond to more direct and physical interventions.
CONCLUSIONS
The use of photogrammetry and TLS as complementary methods allowed an almost continuous recording of objects with a high level of accuracy. This not only provides solid documents for conducting conservation projects, but also increases the level of confidence on design decisions. Compared with traditional method, our proposed integration decreases the errors by interpretation and increases the accuracy and resolution of final models. As exposed in this paper, these techniques can work in parallel, which represent a considerable advantage in terms of time cost at fieldwork. Their integration minimizes limitation of both technologies. While aerial photogrammetry can fill the gaps in TLS survey and enhance models with real colour, TLS data can provide control data for photogrammetry and assist in the camera alignment process. Through our case of study, it was demonstrated that these methods represent a valuable asset in the architect and conservator toolbox. Combining both methods maximize accuracy in terms of geometry and radiometry. Moreover, since authenticity as a qualifying factor of heritage values is related with the truthfulness of the information sources, these models also support the conservator's ability to recognize and identify architectural artefacts and landscape's values.
